The place, Oxford; the time, around 1845-50. Henry Acland lectured on medicine in a room furnished with 'little railroads on which ran microscopes charged with illustrations of the lecture, alternately with trays of coffee'. 'Dr Ogle, applying his eye to the microscope, screwed a quarter-inch right through the object; and Dr Kidd, after examining some delicate morphological preparation, while his young colleague explained its meaning, made answer first, that he did not believe in it, and secondly, that if it were true he did not think God meant us to know it' (Tuckwell, 1907) . However apocryphal the story, the setting is authentic. Microscopy in the service of medicine had been long delayed, but within the following 20 years most of the diseases then known had been classified in terms of their histological features.
The father of medical microscopy was the physiologist Johannes Muller. Under his influence Virchow became its greatest exponent. In the first volume of Virchows Archiv (1847), which also contains one of the earliest descriptions of chronic granulocytic leukaemia, he published an extremely long article on the nature of cancer illustrated with two plates full of drawings of tumour tissue and cancer cells. In those days microscopists studying soft tissues had to tease out or spread the material in order to show the component cells. By the seventies medical students knew that the 'tissues' are not primarily tissues at all, in the original sense of fabrics made of woven fibres, but rather colonies of cells which may live in a fibrous framework; Virchow's contention was also accepted, that cells originate only from pre-existing cells.
Malignant cells from solid tumours were described and illustrated by a number of other mid-19th-century authors; Muller himself published some, but he was more concerned to demonstrate that tumours contain cells at all than to show any difference between benign and malignant ones (Muller, 1840) .
Illustrations can be found in the works of Donne (1844), Lebert (1851) , Donaldson (1853) , and Beale Received for publication 25 July 1977 25 July (1854 . Figure 1 shows a small part of one of the plates in Lebert's (1857-61) magnificent Atlas, representing the best quality of drawings made from unstained microscopic preparations. Most of the illustrations of that period, purporting to show that cancer cells are different from normal ones, could never really have been of much practical help, but this can be said equally of some of the half-tone photographs of cells which get printed in medical books and journals today.
The idea of tumour puncture was referred to by Lebert (1851) but it did not develop as a diagnostic method at that time. He also performed measurements on the nuclei and nucleoli and noted the increased nucleo-cytoplasmic ratio in many cancer cells. Measurements of this type were not repeated for many years and are only now having a renewed importance in connection with attempts at automation of cytodiagnosis.
A major technical advance was the use of stains to display the details of nucleus and cytoplasm (see Castiglioni, 1947; Bamforth and Osborn, 1958) . Paul Ehrlich used stained air-dried films to identify the cells not only of blood but also of serous effusions. He described (Ehrlich, 1882 ) the features of adenocarcinoma cells in three pleural effusions, two due to carcinoma of the ovary and one to carcinoma of the breast, but unfortunately provided no illustrations and did not develop this theme any further.
In spite of the introduction of staining methods, unstained wet preparations have continued to be used right up to our own time, especially for the routine examination of urine. Also certain advances in the identification of malignant cells were made without stains, even in the 20th century-for instance, Marini's (1909) Quensel's (1928a, b) (Stockard and Papanicolaou, 1917) Bamforth and Osborn (1958 Ayre (1947 Ayre ( , 1952 . In the event this timetable proved to be a misfortune, because population screening became an accepted practice before the general introduction of randomised controlled trials. A proper trial could have given a clear indication of the extent of benefit to be expected from defined screening strategies, and services could have been rationally planned instead of becoming a football between Public Health authorities, epidemiologists, lay pressure groups, politicians, and clinical cytologists. There are very strong reasons for supposing that cervical cancer can, in principle, be prevented by this means (Spriggs, 1972) , but the application of it to most of the women at highest risk is still only a hope for the future.
Cytodiagnosis from sputum
During the second half of the 19th century there were many medical microscopists who studied the cells of sputum, but their concern was generally with tuberculosis rather than with malignant disease (for references, see Finlayson (1958) ). Leaving aside various early records of actual expectorated fragments of carcinoma, the first mention of cancer cells in sputum is a remark in Walshe's A Practical Treatise on the Diseases ofthe Lungs (1860), in which he says that they have 'been occasionally found microscopically'. The first illustration is usually attributed to Beale (1861) , though the primary was in the pharynx and the 'sputum' was obtained post mortem by Mr Newham (who had permission to examine only the throat but 'ventured as far as the chest'). A number of other early reports can be found, with illustrations, in the review by Grunze (1960) . Systematic examination of sputum for the diagnosis of carcinoma of the lung was undertaken by Hampeln of Riga; his first case report appeared in 1887 and his final series in 1918-19, with 13 out of 25 cases correctly diagnosed by microscopy of the sputum.
It must be remembered that, in those days, carcinoma of the lung was quite uncommon. Indeed, it was possible to write a whole book about the microscopy of sputum in 1886 without mentioning cancer of the lung (Mackenzie, 1886 ).
Hampeln's work was not taken up systematically by others at the time, and the fact that malignant cells can be reliably identified in sputum had to be rediscovered by Leonard Dudgeon and his colleagues at St Thomas's Hospital, London.
Along with extensive studies on the cytology of scrapings from surgical specimens, of which a series of over 1000 were reported in 1934 (Dudgeon and Barrett, 1934) , Dudgeon made a careful investigation of the possibility of identifying malignant cells in sputum, using smears wet-fixed with Schaudinn's solution and stained with haemalum and eosin. He Arthur I. Spriggs had originally developed this method for studying the cytology of human milk (Dudgeon and Jewesbury, 1924 ). He did not rush into print and, by the time his one paper on the subject appeared (Dudgeon and Wrigley, 1935) , he was already expert in making the diagnosis from sputum by this means. This series (which, unlike many much later studies, presented the data in tables) contained 38 cases of lung cancer. Of these, 26 were found to have malignant cells in the sputum, and there was one false positive. The rate of correct detection, 68 %, is about the same as that almost universally obtained today. Figure 4 shows one of Dudgeon and Wrigley's drawings illustrating oat-cells in sputum. It was accompanied by the first description of this distinctive cell type in smears. Dudgeon's method was in continuous use at St Thomas's from then onwards.1 Dudgeon's papers presented his data with a clarity and simplicity which has not always been imitated by his successors. He died in 1938 without having trained a sufficiently large nucleus of disciples in England to create a 'snowball' of pathologists able to apply his methods.
Wandall in Copenhagen pursued the subject, using a similar wet-fixation method, and in 1944 published a series of 100 cases of primary lung carcinoma, 84 of which were correctly diagnosed from the sputum, and in most of which it was possible to state the histological type. His published photomicrographs were good enough to be useful for teaching, unlike most of what had gone before.
Following the cytology explosion in America, resulting from the work of Papanicolaou, the cytological diagnosis of carcinoma of the lung from sputum and bronchial aspirates became a universally applied diagnostic test and, in practised hands, one of the most reliable.
Miscellaneous applications of cytodiagnosis
The examination of urine is as old as medicine, and the microscope added a new dimension to 'uroscopy'. In the various 19th century books on the subject of the urine, many drawings can be found showing different cell types encountered. In 1854, Beale, who for many years was the English protagonist of medical microscopy, illustrated cells from different parts of the urinary tract (Fig. 5) . Malignant cells from carcinoma of the bladder were probably first described and illustrated by Lambl (1856) and soon after by Neubauer and Vogel (1863) , though emphasis was placed on papillary fragments more than on isolated cells. This application of cytodiagnosis was considered easy, but it was admitted 1 Some coloured photographs from Dudgeon's slides can be found in the historical note by Bamforth (1963) . Oat-cell"d type. Fig. 4 One of the drawings from Dudgeon and Wrigley (1935) , thefirst published illustration of oat-cells in sputum.
that cells from carcinoma of the kidney were much harder to find, as we still agree today. Beale (1878) illustrated cells resembling those of carcinoma found in the urine of a young girl with nephritis and put in some salutary words of caution; this was a most unusual thing to do in a period when any mention of doubts and mistakes was generally avoided in medical writing.
Apart from Quensel's (1918) observations using a new supravital staining technique, there were few advances in the cytology of urine until our own time, even though the microscopy of urine sediments has for long been 'routine'. Bamforth and Osborn (1958) described how the great pathologist James Ewing correctly identified malignant cells in his own urine, coming from a carcinoma of the bladder. This was just before the introduction of Papanicolaous' methods (Papanicolaou and Marshall, 1945 Zadek (1933) and Merklen et al. (1933) , who, however, still did not give proper instructions on how to succeed. This method is still routinely used, particularly in Britain and Europe, but for the sake of uniformity Papanicolaou's method is more widely taught and practised. A rather fuller account of the history of serous fluid cytology is given by Spriggs and Boddington (1968) , as well as that of cerebrospinal fluid.
The history of cytodiagnosis of tumours of the gastroinitestinal tract mainly concerns the stomach and has been well described by Gibbs (1968 (Panico et al., 1950 ), Henning's (1950) 'Zelltupfsonde'. and Ayre's brush (Ayre and Oren, 1953 ), but we now have the additional precision of sampling a defined area. After Papanicolaou, the field of gastrointestinal cytodiagnosis was studied particularly by the Chicago school, inaugurated by C. Rubin (for literature, see Prolla and Kirsner (1972) (Moeschlin, 1947) . Marrow puncture was also first used by parasitologists, and later was introduced for haematological diagnosis by (Qtw(wl: ErLpiss-. e(ir Bruist-un11d1 BaiI(luill;iulc1". Arinkin (1929) . Cytological study by lymph-node puncture has been in use rather longer (Guthrie, 1921) . The main development of these methods was during and after the 1939-45 war. Puncture cytology of the lung and liver has been used on a much smaller scale (for literature, see Ludin (1955) ), and fine-needle puncture of tumours, with diagnosis from smears rather than sections, has only recently and locally become popular, but its use is increasing, especially for the breast and prostate (Zajicek, 1974) .
These methods are the logical development from earlier studies of smears made from open biopsies, such as those of Dudgeon (Dudgeon and Patrick, 1927; Dudgeon and Barrett, 1934) . The most consistent use of the latter method has been made by the neurosurgeons, and in Britain this application has been routine for over 30 years (Russell et al., 1937 Cytology (1st edition, 1932 ) had a more restricted subject, that of the chromosomes, particularly those of plants! With the widespread development of cytodiagnostic laboratories in hospitals, the name 'cytology' has been generally adopted for that specialty. (The adjective 'exfoliative' was dropped because in many cases the cells examined have not been exfoliated.) Accordingly, we have Acta Cytologica as the principal journal of the specialty, begun as the official journal of the International Academy of Gynaecological Cytology (1958), which has since changed its name to the International Academy of Cytology.
Now that the word has become ambiguous, the best that can be done is to qualify it or use another. The study of chromosomes has become 'cytogenetics', while the expression 'cell biology' has been adopted by the scientists who previously called themselves 'cytologists'. Medical cytodiagnosticians should speak of 'cytopathology', 'clinical cytology', 'diagnostic cytology', or 'cytodiagnosis'.
Books and articles on which I have drawn particularly heavily are Bamforth and Osborn (1958) , Hughes (1959) , Grunze (1960), and Carmichael (1973) . I am indebted to the late Dr Lucia-Maria Babe § for the information concerning her husband.
I am also very grateful to Dr A. H. T. RobbSmith, the use of whose library was indispensable, and this article is dedicated to him on his retirement.
